However, the causes of action of these parasympathetic or sympathetic factors on the atrial fibrillation have not been elucidated as far as the cellular level is concerned.
In order to clarify these points, authors have performed a series of experiments with microelectrodes on the effects of acetylcholine and adrenaline on the aconitine-induced fibrillation, and found that the effects are considerably different depending on the sites not only in the atrium but also in theventricle (GOTO, KAWAUCHI & SENOO, 1965 in preparation).
Present communication is exclusively confined to the observation on the sinoatrial node and the ordinary right atrial fibers. The cause of hyperpolarization probably was an increase in potassium permeability of the membrane due to ACh, but that of depression and disappearance of pace-maker potential was not clear whether it was due to the increase in potassium permeability or pace-maker shift. After reintroduction of normal Tyrode solution, gradual recovery from the actions of ACh occurred generally in order of first an appearance of small spike in low frequency, then an increase in spike amplitude and rhythm, and finally an appearance of pace-maker potential followed by abortive or full spike (FIG.  1  D, E, F, G) . Thus, the effects of ACh on the sinoatrial node during the atrial fibrillation were found reversible and fundamentally the same as its well known actions on the normal node. 3. Atropine on the aconitine-induced fibrillation.
METHOD
A cholinergic blockade ,atropine is generally known as an antifibrillator. However, since ACh was found to show a marked inhibitory action on the aconitine-induced fibrillation in our experiment, it will be rather expected of atropine some promotive action on the fibrillation.
Whether it is the case or not will be a problem to be determined.
FIG. 5 illustrates an action of atropine on the transmembrane potentials of the atrial roof during the fibrillation.
In A of the figure, alternateappearance of small and large AP's is observable with some irregularity that may be called an activity of sub-fibrillatory stage. When atropine of 10-7 in final concentration was added, the irregularity in AP amplitude and rhythm was enhanced (B) accompanying a slight depolarization of the membrane. Two minutes later, the tendency was further strengthened to show a typical pattern of fibrillation (C) . FIG. 6 illustrates further an antagonistic action of atropine and ACh on the fibrillation. Upper traces of the records were obtained from a single fiber of the appendage, and lower traces from that of the atrial roof both on the epicardial side. The former shows a regular pattern of discharge throughout all records from A to D despite the application of atropine (10-7) in B and further addition of ACh (10-5) in D. However, the frequency of discharge was slightly increased by atropine and decreased by FIG. 6 . Antagonistic effects of atropine and ACh on the atrial fibrillation.
Simultaneous records of the transmembrane potentials were performed on two fibers, one of the appendage (upper record) and the other of the atrial roof (lower record) both from epicardial side. A) Control, B) 1.5min, C) 3min after atropine (10-7). D) 1min after ACh (10-5). Calibrations are 500 msec and 100mV.
ACh as expected.
On the other hand, the latter fiber in which irregular activity already existed (A), the irregularity was enhanced by the application of atropine inducing the more typical pattern of fibrillation (B, C). When ACh in the high concentration was added at this stage, the irregularity in rhythm and spike amplitude disappeared in a minute and a rhythmical discharge well synchronized with that of the upper trace was educed. After washing with normal Tyrode solution, atropine again acted in the similar way as in the first case. Thus, by repeating ACh and atropine infusions alternately, it was possible to start or stop the fibrillation several times. Therefore, so far as the aconitine-induced fibrillation of the rabbit right atrium is concerned, it will be now clear that atropine acts as an accelerator of the fibrillation antagonizing to the inhibitory action of ACh.
Effects of adrenaline on
In control record A, both fibers of sinoatrial node and atrial roof discharge in a quite regular rhythm with fairly constant delay in the latter, but as seen in record B, they occasionally show some irregularity in rhythm or double spikes probably due to the action of aconitine.
After administration of adrenaline of 10-6 in final concentration, the irregularity and theappearance of double spikes were intensified as shown in BURN, 1960) . Even in the isolated rabbit atria, the fibrillation has been produced by brief stimulation in the presence of ACh and a low concentration of potassium (HOLLAND & BURN, 1957) .
On the other hand, in our experiment on the aconitine-induced fibrillation, ACh showed an inhibitory action on the irregular activity of the sinoatrial node, producing an increase in the resting potential, a decrease in the slope of diastolic depolarization and a consequent decrease in the pace-maker rhythm.
These In our opinion, they are identical in the pattern of fibrillation but considerably different in the cause of appearance or maintenance of the arrhythmia. In our preceding paper (GoTo, TAMAI & YANAGA, 1963), it was pointed out as causes of the aconitine-induced fibrillation, 1) acceleration of pace-maker rhythm and consequent flutter, 21 formation of one or more ectopic foci, and 3) appearance of local block due to the accelerated rhythm or extrasystoles.
On the other hand, in the ACh-induced fibrillation, a short period of high frequency stimulation was necessary as well as an infusion of ACh. Accordingly, the main cause of the fibrillation will be 1) electrical stimulation in high frequency and 2) shortening of AP-duration and refractory period due to ACh, as pointed out by BURN (1960) . Thus, in our case of aconitine fibrillation, acceleration of'spontaneous' pace-maker rhythm plays a key role in educing fibrillation, while in the electrically induced one, forced'driving' by the electrical stimulationand consequent shortening of refractory period act the part. When they are the cases, ACh would be expected to inhibit the aconitine-induced fibrillation by depressing the pace-maker activity as we have observed, but contrarily it would act to promote the electrically induced one by causing further shortening of the refractory period. In other words, ACh has dual parts of effects on fibrillation, acceleration by shortening the refractory period and deceleration by inhibiting the pace-maker rhythm, and which part of them appears in dominance seems to depend on the kinds of fibrillation and on the condition and part of the heart under investigation (GOTO, KAWAUCHI & SENOO, 1965 in preparation). In our case of the rabbit sinoatrial node under the effect of aconitine, adrenaline caused an acceleration of the pace-maker rhythm, frequent shift in pace-maker site, and/or production of one or more ectopic pace-makers, and in consequence an enhancement of fibrillation.
Effect of adrenaline on the proper atrial muscle was not impressive, but irregularity in AP rhythm and height was slightly strengthened, educing the more frequent appearance of double spikes.
Thus, adrenaline tended to promote the aconitine-induced fibrillation, and the results coincided well with the facts known on the atrium under the various abnormal conditions stated above. The reason will be that, when an acceleration of pace-maker rhythm and some local blocks which dispose an appearance of ectopic foci exist, adrenaline may act further to promote these factors and hence the fibrillation.
On the other hand, BURN, GUNNING & WALKER (1957) demonstrated that, whereas fibrillation followed electrical stimulation during the infusion of ACh, it did not follow the stimulation during the infusion of adrenaline and ACh together.
Thus they and BURN (1960) were led to a conclusion that adrenaline, which usually lengthened the AP, was antifibrillatory in effect. These conflicting observations of the effects of adrenaline on fibrillation might be explained also by its dual sites of action.
If the acceleration of pace-maker rhythm and the consequent appearance of local block are dominant in effects, fibrillation will be produced, while if the lengthening ofAP-duration and refractory period is dominating, fibrillation will be ceased. Which part of the actions has the predominance seems also to depend on the kinds of fibrillation, the condition and the portion of cardiac muscle as in the case of ACh (GoTo, KAWAUCHI & SENOO, 1965 5. Adrenaline (10-6) promoted the aconitine-induced fibrillation, inconcequence of an acceleration of pace-maker rhythm, frequent shift in pace-maker site and/or a production of two or more ectopic pace-makers.
In the proper atrial muscle effect of adrenaline was not impressive, although it enhanced the rate of discharge and its irregularity.
6. Conflicting observations on effects of acetylcholine or adrenaline specially between the two kinds of fibrillation induced one by aconitine and the other by acetylcholine plus electrical stimulation were discussed, and dual sites of action of each drug were pointed out.
Finally, it was estimated that the cause of fibrillation in primary importance is a facilitation of sodium conductance which elicites an acceleration of the pace-maker potential.
